Cucumber mosaic virus (CMV) RNA replication complex was prepared from a crude membrane fraction of infected tobacco leaves and was further purified by a zwitterionic detergent, Zwittergent, and Sepharose 4B column chromatography.
INTRODUCTION
In CMV-infected tobacco leaves or protoplasts, membrane-bound RNA-dependent RNA polymerase (M-RDRP) activity, suggested to be associated with the endoplasmic reticulum18), increases prior to virus multiplication11,18). The M-RDRP synthesizes in vitro viral positivestranded RNAs 1-4 in the absence of exogenous template RNA, showing that the RDRP activity allows in vitro for the completion of nascent positive-sense chains initiated in vivo11,18). This activity is also induced by inoculation with a mixture of viral RNAs 1 and 211). These results indicate that M-RDRP is a CMV RNA replication complex, comprised of at least the translation products of RNA 1 and 2 (1a and 2a proteins), membrane components of the host cell (endoplasmic reticulum) and template viral RNAs.
The major idea addressed in this study is to detect proteins specific for virus infection in the replication complex fraction. For this purpose, we first improved the purification procedures of the replication complex by treatment with a zwitterionic detergent, Zwittergent, followed by Sepharose 4B column chromatography.
Subsequently, we radioactively labeled proteins in CMV-infected tobacco leaf disks to analyze in SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Involvement of these viral 1a and 2a proteins in the replication complex are discussed. A part of this work was presented at the Annual Meeting of the Phytopathological Society of Japan in 1989. 
RESULTS
Further purification of NP-40 enzyme As previously reported, NP-40 enzyme was prepared by Percoll discontinuous densitygradient centrifugation followed by treatment with NP-40 and Sepharose 4B column chromatography18). In this study, we found that density-gradient centrifugation could be omitted. Besides, Zwittergent was found to be by far the most effective among the detergents tested [Zwittergent, CHAPS (Bio-Rad), CHAPSO (Bio-Rad), Lubrol PX (Sigma)] to remove miscellaneous contaminating proteins from the NP-40 enzyme fraction (Data not shown). Therefore, NP-40 enzyme was treated with Zwittergent and chromatographed as described under Materials and Methods. Figure 1 shows the results of Sepharose 4B column chromatography of RDRP activity after Zwittergent treatment.
The activity were found at void volume and the active fractions were slightly turbid and completely free from greenish pigments. The Fig. 1 which is an inhibitor of protein synthesis in mitochondria and chloroplasts. Furthermore, the disks were incubated at 35C to suppress preexisting host protein synthesis without inducing synthesis of heat shock proteins, as described by Dawson and Boyd1). Figure 5 shows that there were only 3 proteins specific for virus-infection, which comigrated with 1a, 3a and coat proteins, suggesting that the Zwittergent fraction (replication complex) contains viral 1a protein.
Since the replicase activity was shown to be induced by inoculation only with RNAs 1 and 211), 3a and coat proteins would probably be detected due to their sharing sites for protein synthesis in host cells with 1a protein.
DISCUSSION
In this study, a search was made for an effective detergent to remove contaminating proteins from NP-40 enzyme. As a result, Zwittergent was found to be the most effective.
A protein of Mr 42,000, which was presumed to be host-encoded, was detected as one of the predominant proteins in a Zwittergent enzyme fraction from CMV-infected leaves by SDS-PAGE and silver staining (Fig. 3) , but was not detected by in vivo radioactive labeling experiment (Fig. 5) . The results may suggest that the protein is not synthesized de novo. However, a possibility that the protein could be a host component of the replication complex cannot be excluded.
RNA 2 was not translated in vitro into a protein of the size predicted from the nucleotide sequence of Y strain RNA 25) (Fig. 4) . Similar results have been reported with RNA 2 of the Q strain, showing that the RNA was translated in vitro into proteins of Mr 120,000-110,0002,15 which were larger than the 1a protein translated in vitro and larger than estimated from the nucleotide sequence (Mr 94,333)12). On the other hand, proteins of an expected size (2a proteins) were translated in vitro from RNA 2s of brome mosaic and alfalfa mosaic viruses, which also have tripartite genomes like CMV16,19). Although the reason why a protein translated in vitro from CMV RNA 2 does not show the mobility expected from the deduced Mr in SDS-PAGE is unclear, it might be due to the secondary structure of the protein translated in vitro. The protein comigrating with the 1a protein translated in vitro was detected in the in vivo labeled proteins. As far as we know, this is the first report to detect a protein in vivo which is suggested to be virus-encoded, non-structural CMV protein. This result implies that the CMV RNA replication complex contains 1a protein. On the other hand, the protein corresponding to 2a protein was not detected, as shown in Fig. 5 , which suggests that 2a protein is not present in the Zwittergent enzyme fraction prepared in this study or was not detectable, if present. Considering the result of our previous study demonstrating that coexisting of CMV RNA 1 and 2 is indispensable to induce replicase activity11), 2a protein must be involved in some steps of CMV RNA replication.
We feel that further experiments and data are necessary to solve the functions of 1a and 2a proteins in virus RNA replication.
